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© Fouling of a ship's hull is inhibited by applying to the hull a coating composition having marine biocidal 
properties and comprising as binder an acid-functional film-forming polymer whose acid groups are blocked by 
hydrolysable blocking groups which are monoamine groups forming organic-solvent-soluble amine salts of the 
polymer. 
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This invention relates to antifouling coatings. An antifouling coating is used as a top coat on ships' hulls 
to inhibit the settlement and growth of marine organisms such as barnacles and algae, generally by release 
of a biocide for the marine organisms. 

Traditionally, antifouling coatings have comprised a relatively inert binder with a biocidal pigment which 
is leached from the paint. Among the binders which have been used are vinyl resins, particularly a vinyl 
chloride/vinyl acetate copolymer, and rosin. The vinyl resins are seawater-insoluble and paints based on 
them use a high pigment concentration so that there is contact between pigment particles to ensure 
leaching. Rosin is a hard brittle resin whjch is slightly soluble in seawater. The biocidal pigment is very 
gradually leached out of the matrix of rosin binder in use, leaving a skeletal matrix of rosin which becomes 
washed off the hull surface to allow leaching of the biocidal pigment from deep within the paint film. 

The most successful antifouling paints in recent years have been self-polishing copolymer paints based 
on a polymeric binder to which biocidal triorganotin moieties are chemically bound and from which the 
biocidal moieties are gradually hydrolysed by seawater, as described for example in GB-A-1 457590. The 
polymer from which the triorganotin moieties have been hydrolysed becomes soluble in seawater, so that 
as the outermost paint layer becomes depleted of biocide it is swept off the surface of the hull by the 
movement of the ship through seawater. Self-polishing copolymer paints which release non-biocidal 
moieties are described in EP-B-69559 and EP-A-232006. 

WO84/02915 describes an antifouling paint having a hydrolysable film-forming water-insoluble seawater- 
erodible polymeric binder having recurring groups represented by the formula: 

X 

( CH 2 C ) ( B ) 

COOR 

where X is hydrogen or methyl, R is an alkyl, aryl, aralkyl or triorganosilyl moiety and B is the residue of an 
ethylenically unsaturated comonomer. It has been found in practice that the less readily hydrolysable 
groups R such as benzyl, aminoalkyl or haloalkyl groups do not give a polymer which dissolves in seawater, 
whereas the more readily hydrolysable groups R such as trialkylsilyl groups give a polymer which rapidly 
hydrolyses to a mechanically weak film in seawater. 

JP-A-54-64633 describes a marine antifouling biocide which is a long-chain (12 to 18 carbon atoms) 
linear aliphatic primary amine or salt thereof. J P-A-54- 110322 describes certain long-chain (12 to 18 carbon 
atoms) linear aliphatic secondary and tertiary amines as marine antifouling agents. 

US-A-4675051 describes a marine antifouling paint which is gradually dissolved in seawater and which 
comprises a binder which is a resin produced by the reaction of rosin and an aliphatic polyamine containing 
at least one primary or secondary amine group. 

An antifouling coating composition according to the invention comprises a pigment and as binder an 
acid-functional film-forming polymer whose acid groups are blocked by hydrolysable blocking groups, the 
composition including an ingredient having marine biocidal properties, and is characterised in that the 
hydrolysable blocking group is a monoamine group which forms an organic-solvent-soluble amine salt of 
the polymer. 

The invention further provides a process for inhibiting fouling of a ship's hull, comprising applying to the 
hull a coating composition having marine biocidal properties and comprising as binder an acid-functional 
film-forming polymer whose acid groups are blocked by hydrolysable blocking groups, characterised in that 
the hydrolysable blocking group is a monoamine group which forms an organic-solvent-soluble amine salt 
of the polymer. 

The acid-functional polymer is preferably a carboxylic-acid-functional polymer of equivalent weight 240 
to 600. A preferred acid-functional polymer is an addition copolymer of one or more olefinically unsaturated 
acids or anhydrides, for example acrylic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, 
itaconic acid or itaconic anhydride, vinyl benzoic acid (for example p-vinyl benzoic acid), 3-butenoic acid or 
beta-carboxy-ethyl acrylate or methacrylate, with at least one olefinically unsaturated comonomer. 
Copolymers of methacrylic acid or acrylic acid are preferred. (The preferred equivalent weight of 240 to 600 
corresponds to an acrylic acid content of 14.3 to 35.8% by weight and a methacrylic acid content of 16.7 to 
41 .7% by weight.) The acid monomer is preferably copolymerised with one or more comonomers which are 
unreactive with acid groups, for example acrylic or methacrylic esters such as methyl acrylate, methyl 
methacrylate, ethyl acrylate, butyl acrylate or 2-ethylhexyl methacrylate, styrene, acrylonitrile, vinyl acetate, 
vinyl butyrate, vinyl chloride, or vinyl pyridine. Terpolymers may be preferred, for example methyl 
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methacrylate or ethyl methacrylate which tend to form a hard film can be used in conjunction with an 
acrylate such as ethyl acrylate or particularly an alkyl acrylate of 3 to 8 carbon atoms in the alkyl moiety 
such as butyl acrylate which helps to form a more flexible film. A substituted acrylate ester can be used as 
one of the comonomers, for example. Such an acid polymer preferably has a molecular weight of 1,000 to 

5 100,000. The equivalent weight of the acid polymer (calculated as acid groups) is most preferably 300 to 
440, equivalent to an acrylic acid or methacrylic acid content of about 15 to 30% by weight. 

Alternative acid-functional polymers are polymers containing sulphonic acid, phosphonic acid or 
phosphoric acid (acid phosphate) groups. If alternative acid groups are used they are also preferably 
present in an addition polymer, for example an addition copolymer of an olefinically unsaturated 

10 phosphonic, phosphoric or sulphonic acid. Examples of such unsaturated acids are vinyl phosphonic acid, 
styrene phosphonic acid, 2-acrylamidopropane phosphonic acid, ethylidene-1,1-diphosphonic acid, hydrox- 
yethyl acrylate monophosphate, vinyl sulphonic acid, 2-acrylamido-2-methylpropane sulphonic acid, methal- 
lyl sulphonic acid and styrene sulphonic acid. Polymers containing stronger acid groups such as sulphonic 
acid groups may have a higher equivalent weight for example in the range 500 to 5000, preferably 1000 to 

is 2000. 

The monoamine which is used to form the amine salt of the acid-functional polymer preferably includes 
at least one organic group containing at least 8 carbon atoms, more preferably 8 to 20 carbon atoms, and is 
preferably an amine which is toxic to marine organisms. If such an amine is used the resulting amine salt 
can be a clear antifouling varnish or can be pigmented. The monoamine can for example be a diterpene- 
20 derived amine of the formula: 



25 



R 2 

I 

N - 



(I) 



where R 1 is a monovalent hydrocarbon group derived from a diterpene and R 2 and R 3 are each 
independently hydrogen, an alkyl group having 1 to 18 carbon atoms or an aryl group having 6 to 12 
30 carbon atoms. 

An amine of the formula (I) acts as a marine antifouling biocide. The amine is preferably derived from 
rosin. The main constituent of rosin is abietic acid, which is mixed with other diterpene acids. The amine is 
preferably a primary or secondary amine. Secondary amines, for example those in which R 2 is a methyl 
group, may be the more effective biocides against fouling by animals such as barnacles, whereas primary 
35 amines may be the more effective biocides against algae. A primary amine derived from rosin is 
dehydroabietylamine sold commercially as "Rosin Amine D". Its main constituent is: 



40 




3)2 



*5 CH 3 CH 2 NH 2 

A corresponding secondary or tertiary amine, for example an N-methyl or N,N-dimethyl derivative of Rosin 
Amine D, can alternatively be used. 

so The amine of formula (I) can be used as a mixture with one or more other high molecular weight 
amines in forming a binder for an antifouling paint according to the invention. It can for example be used 
with a long-chain (12 to 20 carbon atoms) aliphatic amine such as dodecyl amine, hexadecyl amine, 
octadecyl amine or oleyl amine, or a mixture of such amines, for example those sold as tallow amine, 
hydrogenated tallow amine, coconut amine, or N-methyl coconut amine. Such a mixture of amines 

55 preferably contains at least 50% by weight of the amine of formula (I), for example 60 to 90%. 

The toxic amine can alternatively be an aliphatic amine containing an organic group of 12 to 20 carbon 
atoms, for example a straight-chain alkyl or alkenyl amine such as dodecyl amine, hexadecyl amine, 
octadecyl amine or oleyl amine or mixtures of amines derived from aliphatic groups present in natural fats 
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and oils such as tallow amine or hydrogenated tallow amine or coconut amine. Alternative amines which can 
be used as the blocking group are aralkylamines such as those sold commercially as "phenalkamines". 

If a non-biocidal amine is used to form the amine salt of the acid-functional polymer the coating 
composition should contain a marine biocide. The coating preferably contains a pigment, which may be the 
5 same as the marine biocide. 

The amine salt formed from the acid-functional polymer is substantially insoluble in water and controls 
the rate of dissolution of the acid-functional polymer in seawater. The amine salt gradually dissociates on 
prolonged immersion in seawater, for example on a ship's hull in service. The amine is gradually released 
into the seawater. The remaining acid-functional polymer is gradually converted to free acid or anion form 

io and becomes seawater-soluble and is gradually swept from the hull of the ship. The paints containing the 
amine salts of an acid-functional polymer thus act as self-polishing coatings. When a biocidal amine is 
used, the paints have properties very similar to known organotin copolymer paints, releasing polymer-bound 
biocide with the polymer binder itself gradually becoming smoothly dissolved from the ship's hull in service. 
The blocked acid-functional polymer can be prepared by addition polymerisation of the corresponding 

75 blocked acid-functional monomer, i.e. an amine salt of a polymerisable ethylenically unsaturated acid such 
as acrylic or methacrylic acid, with one or more comonomers. Polymerisation is preferably carried out in an 
organic solvent such as xylene, toluene, butyl acetate, butanol, butoxyethanol or methoxypropyl acetate at a 
temperature of 60 to 100* C using a free radical catalyst such as benzoyl peroxide or azobisisobutyronitrile. 
The amine salt is preferably formed in solution in a polar organic solvent by reaction of an acidic monomer 

20 such as acrylic or methacrylic acid with the amine to produce an amine salt and polymerised without 
isolating the salt, although it can be isolated if desired. The blocked acid-functional polymer can alter- 
natively be prepared by reacting an acid-functional copolymer having free carboxyl groups with an amine as 
blocking agent to form an amine salt. The amine salt can be formed by simply mixing the amine and a 
solution of the acid-functional polymer, preferably in an organic solvent such as an aromatic hydrocarbon, a 

25 ketone, an alcohol or an ether alcohol. 

The amine-blocked acid-functional polymer can be mixed with pigment using conventional paint 
blending procedures to provide a composition having a pigment volume concentration of, for example, 25 to 
55%. The pigment is preferably a sparingly soluble pigment having a solubility in seawater of from 0.5 to 10 
parts per million by weight, for example cuprous oxide, cuprous thiocyanate, zinc oxide, zinc ethylene bis- 

30 (dithiocarbamate), zinc dimethyl dithiocarbamate, zinc diethyl dithiocarbamate or cuprous ethylene bis- 
(dithiocarbamate). These sparingly soluble pigments which are copper and zinc compounds are generally 
marine biocides. These pigments produce water-soluble metal compounds on reaction with seawater so that 
the pigment particles do not survive at the paint surface. Mixtures of sparingly soluble pigments can be 
used, for example cuprous oxide, cuprous thiocyanate or zinc ethylene bis (dithiocarbamate), which are 

35 highly effective biocidal pigments, can be mixed with zinc oxide, which is less effective as a biocide but 
dissolves slightly more rapidly in seawater. Both the amine of formula (I) and the amine-blocked acid- 
functional polymer can be mixed with a basic pigment such as cuprous oxide or zinc oxide without gelation 
of the binder, unlike acid-functional polymers containing free carboxylic acid groups. The amine salt 
protects the acid groups against gelation by a basic pigment. 

40 The paint composition can additionally or alternatively contain a pigment which is not reactive with 
seawater and may be highly insoluble in seawater (solubility below 0.5 part per million by weight) such as 
titanium dioxide or ferric oxide or an organic pigment such as phthalocyanine pigment. Such highly 
insoluble pigments are preferably used at less than 40% by weight of the total pigment component of the 
paint, most preferably less than 20%. 

45 The antifouling paint can also contain a non-metalliferous biocide for marine organisms, for example 
tetramethyl thiuram disulphide, methylene bis(thiocyanate), captan, a substituted isothiazolone or 2- 
methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine. 

The antifouling coating composition of the invention is generally applied from a solution in an organic 
solvent, for example an aromatic hydrocarbon such as xylene or toluene, an aliphatic hydrocarbon such as 

50 white spirit, an ester such as butyl acetate, ethoxyethyl acetate or methoxypropyl acetate, an alcohol such 
as butanol or butoxy-ethanol or a ketone such as methyl isobutyl ketone or methyl isoamyl ketone. 

Alternatively, the anti fouling composition of the invention can be an aqueous composition containing 
water and a water-miscible cosolvent. Examples of cosolvents which can be used are alcohols such as 
butanol, glycol ethers such as methoxypropanol, methoxyethanol, butoxyethanol and ethoxyethanol and 

55 esters thereof such as methoxypropyl acetate. The acid-functional polymers blocked with an amine 
containing an organic group of at least 8 carbon atoms are soluble in such mixtures of water and cosolvent 
but are substantially insoluble in water. 

The invention is illustrated by the following Examples. 
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Example 1 



A 40% solution of a 24/56/20 copolymer of methacrylic acid/ethyl methacrylate/methoxy ethyl acrylate 
was prepared by solution polymerisation using a free radical catalyst in a 1:1 by volume mixture of xylene 
5 and butanol. Rosin amine D was added to the polymer solution in an amount of 1 .03 amine groups per acid 
group in the polymer. 

The antifouling properties of the varnish of Example 1 were tested using a leaching test. In this test a 
plaque coated with a film of the varnish of Example 1 was immersed in a tank of synthetic seawater and 
was removed for a day once a week and immersed in a smaller tank of seawater. The seawater from the 
10 smaller tank was then tested each time for toxicity against Artemia (brine shrimp) and Amphora (unicellular 
algae) marine organisms. 

The seawater samples which had been in contact with the coating of Example 1 showed positive and 
substantially constant toxicity over the 8 week test period indicating that marine biocide continued to be 
leached from the paint over a prolonged period. 
15 By comparison, when the acid copolymer solution was applied as a coating without reacting with an 
amine and was tested, the leached samples were seen to be non-toxic. 

Examples 2 and 3 

20 7.5 g of the polymer amine salt solution of Example 1 was mixed with 1.5 g cuprous oxide (Example 2) 

and 1.5 g zinc oxide (Example 3) to form antifouling paints. 

The viscosity of the paints of Examples 2 and 3 was monitored over a hundred hours after mixing by an 

ICI cone and plate viscometer at 25* C. The paint of Example 2 stayed at a stable viscosity of less than 10 

poise over the 1 00 hour test. The viscosity of the paint of Example 3 was less than 40 poise at the end of 
25 the 100 hour test. By comparison, paints formed by mixing the acid-functional polymer with cuprous oxide 

or zinc oxide without reacting the polymer with the amine showed a rise in viscosity to over 100 poise (far 

too high for spray application) within 80 hours. 

Example 4 

30 

85% by volume of the polymer amine salt solution of Example 1 was milled with 14.4% by volume 
cuprous oxide, 0.25% by volume bentonite and 0.35% by volume silica aerogel to form an antifouling paint. 

The paint was tested in a rotor disc test of the type described in GB-A-1 457590 and showed a gradual 
decrease in thickness over 60 days' immersion. The polishing rate was similar to that of a commercial 
35 triorganotin copolymer antifouling paint. By comparison, when the acid copolymer was mixed with the 
cuprous oxide pigment without being first reacted with the amine the resulting paint was removed from the 
rotor disc after one day's immersion. 

Example 5 

40 

A 30/20/50 copolymer of acrylic acid/methyl meth aery late/butyl acrylate was prepared in xylene/butanol 
solution as described in Example 1 . Rosin Amine D was added to the copolymer in an amount equivalent to 
the acid groups in the polymer. The resulting solution was milled with pigments, plasticiser and structuring 
agents to form a paint containing, by volume, 30% copolymer amine salt, 18% cuprous oxide, 1.3% zinc 
45 oxide, 4% tricresyl phosphate and 2% structuring agents. 

The paint was sprayed on a plaque which was attached to a metal plate which was immersed in the sea 
at a site off the south coast of England rich in fouling organisms. The painted plaque showed substantially 
no fouling after 12 months' immersion. 

The paint was tested in a rotor disc test and showed a gradual depletion in thickness at a rate 
so substantially the same as that of a commercial self-polishing copolymer antifouling paint. 

Claims 

1. An antifouling coating composition comprising a pigment and as a binder an acid-functional film- 
55 forming polymer whose acid groups are blocked by hydrolysable blocking groups, the composition 
including an ingredient having marine biocidal properties, characterised in that the hydrolysable 
blocking group is a monoamine group which forms an organic-solvent-soluble amine salt of the 
polymer. 
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2. An antifouling coating composition according to claim 1, characterised in that the acid-functional 
polymer is a carboxylic-acid-functional polymer of equivalent weight 240 to 600. 

a An antifouling coating composition according to claim 1 or 2, characterised in that the monoamine 
5 providing the amine group includes at least one organic group containing 8 to 20 carbon atoms. 

4. An antifouling coating composition according to any of claims 1 to 3, characterised in that the 
monoamine has marine biocidal properties. 

10 5. An antifouling coating composition according to claim 3, characterised in that the monoamine providing 
the amine group is an amine of the formula 



75 



25 



40 



45 



50 



R 2 (I) 

1 1-3 
R - N - R 



where R 1 is a monovalent hydrocarbon group derived from a diterpene and R 2 and R 3 are each 
20 independently hydrogen, an alkyl group having 1-18 carbon atoms or an aryl group having 6-12 carbon 
atoms, 

6. An antifouling coating composition according to any of any of claims 1 to 3, characterised in that the 
monoamine is non-biocidal and the coating composition contains a marine biocide. 



7. An antifouling coating composition according to claim 6, characterised in that the pigment is a marine 
biocide. 

8. An antifouling coating composition according to any of claims 1 to 7, characterised in that the pigment 
30 is a copper or zinc compound which is sparingly soluble in seawater. 

9. A process for inhibiting fouling of a ship's hull, comprising applying to the hull a coating composition 
having marine biocidal properties and comprising as binder an acid-functional film-forming polymer 
whose acid groups are blocked by hydrolysable blocking groups, characterised in that the hydrolysable 

35 blocking group is a monoamine group which forms an organic-solvent-soluble amine salt of the 
polymer. 
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